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LED AND FABRICATION METHOD THEREOF 

Technical Field 

The present invention an LED and fabrication method 
thereof, and more particularly to a quantum dots and 
fabrication method thereof in which quantum dots are 
artificially formed in a light emitting layer to maximize 
internal quantum efficiency, lower power consumption and 
enhance the reliability. 

Background Art 

FIG. 1 illustrates a light emitting diode (hereinafter 
referred to as ^LED') in which quantum Well "layer is formed 
as the light emitting layer, 

Referring to FIG. 1, the Lfifi' includes a sxibstrate 1, 
and a n-type semiconductor layer 2, a quantum well layer 3 
and a p-type semiconductor layer . 4, which are laminated in 
the named order on the sxabst rate 1 . 

-In the LED of FIG. 1, when a forward bias is applied to 
the LED, elections are supplied from the n-type semiconductor 
layer 2 and holes are supplied from the p~type semiconductor 
layer .so that electrons and holes are recombined with each 
other in the quantum well layer 3 . In the course of 
recombination, the LED emits light with an energy 
corresponding to excited level of quantum well or energy 
bandgap difference. 

At this time, the quantum well layer 3 serves as the 
light emitting layer and accordingly shows a high internal 
quantiim efficiency compared with an LED having a double 
heteroj unction structure, but it is the reality that the 
internal quantum efficiency does not exceed 10%. 

To this end, even when the LED is used as a high power 
LED, it has a drawback in that power consumption is high, a 
lot of heat is generated and the generated high tenperature 
heat changes the characteristic of the LED to thereby lower 
the reliability. 
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Disclosure of the Xnvezition 

Accordingly, the present invention has been made in an 
.effort to solve the aforementioned problems of the 
5 conventional arts . . 

.An object of the present invention is to provide an LED 
and fabrication method thereof in which quantum dots are 
formed inside a light emitting layer to thereby enhance the 
internal quantum efficiency. 

10 To achieve these and other advantages and in accordance, 

with the purpose of the present invention, as embodied and 
broadly described, a quantum-dot LED is characterized by 
comprising: a substrate; a n-type semiconductor layer formed 
on the substrate; an insulator layer formed on the n-type 

15 . semiconductor layer and provided with "a plurality of holes; 
quantum dots formed by filling ; the holes; and a p-type 
semiconductor layer formed on thei insulator layer in .which 
the quantum dots are formed. 

In another aspect of the present invention," a quantum- 

20 dot LED is characterized by comprising: a substrate; a n-type 
semiconductor layer . formed on the siabstrate; a first 
insulator layer' formed on the n-type semiconductor layer and 
provided with a plurality of holes; quantum dots formed by. 
filling the holes; a barrier layer' formed on the first 

2 5 insulator layer in which the quantum - dots are formed; a 

- second insulator layer formed on the barrier layer and 
provided with holes and quantum dots like the first insulator 
layer; a . p-type semiconductor layer formed on the second 
insulator layer. 

3 0 Also, the first and second insulator layers formed 

interposing the barrier layer therebetween have a multi- layer 
structure . 

In addition, the barrier layer is of one selected from 
the group consisting of GalSJ, GaAs and Gap. 
3 5 Further, the holes are a nano-hole, and have a size 

range of 1 nanometer to 100 nanometers. 



2 



( 

wo 2004/054006 



PCT/KR2003/002683 



Alternatively, the quantum dots are formed from one 
selected from the group consisting of InGaN, InGaAs * and 
InGaP . 

Also, the quantum dots comprise an upper surface being 
in contact with the p-type semiconductor layer, and a lower 
surface being in contact with the n-typ^ semiconductor layer. 

In addition, the size and/or density of the holes 
are/is determined by deposition time of the insulator layer. 

In another aspect of the present invention, a method 
for fabricating a quantum-dot LED, the method is 
characterized by comprising the steps of: forming a n-type 
semiconductor layer on a substrate; depositing a first 
insulator layer having first' holes on the n-type 
semiconductor layer; filling the first holes of the first 
insulator layer, to form first quantum dots; and depositing a 
p-type semiconductor layer on the first insulator layer in 
which the quantum dots are formed- 

Also, the above method may further comprises the steps 
of: (a) after the step of forming the quantum .dots, foanninga 
barrier layer on the insulator layer in which the quantum 
dots are formed; (b) forming a second insulator layer having 
second holes on the barrier layer; and (c) filling the second 
hole of the second insulator layer to form second quantum 
dots, wherein the steps (a), (b) and (c) are repeated at 
least once , 

In addition, in the step of depositing the insulator 
layer, the size and/or density are/is determined by 
deposition time of the insulator layer. 

According, to the above quantum-dot LED, internal 
quantum efficiency can be improved so that power consumption 
and heat radiation amount can be reduced to thereby enhance 
the external quantum efficiency and the reliability. 

Brief Description of the Drawings 

FIG. 1 illustrates an LED in which quantum well layer 
is foarmed as the light emitting layer; 
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FIGs. 2(a) and (b) are perspective views illustrating a 
fabrication method of a quantum- dot IiED according to the 
present invention; arid 

FIG; 3 illustrates another embodiinent of the present 
invention. . 

Best Mode for Carrying Out the Invention 

Hereinafter, preferred embodiments of the • present 
invent ioii • will be described in detail with' reference to 
accompanying drawings. 

.FIGs.. and tb) ar^. perspective views illustrating .a. 

fabrication method of a quantum- dot LED according to the 
present invention. 

First, referring to FIG. 2(a), a quantum-dot LED 
includes .a - substrate 11, a n-type semiconductor layer 12 
formed'. on the sxabstrate and doped with silicon or the like; 
,and an insulator layer 13 formed on the n-type semiconductor 
layer 12. In particular; inside the insulator layer. 13, 
there are formed a plurality of nano-holes ."^ 

For instance, the substrate 11 may be sapphire 
substrate/ and the n-type semiconductor layer 12 may be of 
one selected from the group consisting of GaN, GaAs and GaP. 
Also, the insulator layer 13 may be of SiNx or SiOa. 

Next, a flow for the formation of naho- holes will be 
described in detail. 

The- insulator layer 13 is grown on the n-type 
semiconductor layer 12 by various methods such as MOCVD 
(Metal Organic Chemical Vapor Deposition). In an initial 
growth stage, the insulator layer 13 is deposited while 
forming grains. As the deposition* advances, the grains of the 
insulator layer 13 are combined so that their sizes are 
increased. On the surface of the n-type semiconductor layer 
where the combination of the grains is not performed, nano- 
holes 131 are fonned without the insulator layer 13. 

The sizes of the nano-holes 131 are reduced as the 
growth of the insulator layer 13 advances. To this end, a 
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desired size of ^ the nano-hole 131 can be formed by 
controlling the grov/th. time of. the insulator layer • 13. 
•Preferably/ the nano-hole 131 has a size range of .1 - lOO nm. 
Referring to FIG. • 2 (b) , after the nano-holes 131 have 
5 been grovm to a proper- size; material forming active layer is 
. fillfsd in. the nano-holes . 131 to thereby form quantum, dots 
132. The material • for forming the quantum' dots 132 may be one 
selected f rpm : the group* consisting of InGaN, inGaAs and 
InGaP. 

10 Then, a p-type semiconductor layer 14 doped with 

magnesium (>!g) or Zinc (Zn) is fprmed on the insulator layer 
13 where the quantum .^dots 132 are formed. 

Further, eletrtjrodes * (not shown) are formed on the^ n- 
type semiconductor layer 12 and the p-type semiconductor 

15 layer 14, and a bias is applied to the electrodes.. 

Finally, the quantum-dot LED according to the present 
in-vention/ as shown- in FIG. 2 (b) , is configured to include 
the substrate 11, the n-type semiconductor layer 12 formed on 
the s\ibstrate 11, the insulator layer 13 formed on the n-type 

20 semiconductor layer 12 and in which the plurality of quantum 
dots 132 are included, and the p-type semiconductor layer 14 
formed on the insulator layer 13 . 

By the above construction, the upper surfaces of the 
quantum dots 132 are in contact with the p-type semiconductor 

25 layer 14, and the lower surfaces of the quajitum dots .132 are 
in contact with the n-type semiconductor layer 12. Hence, in 
case a forward bias is applied to the inventive LED, 
electrons supplied from the n-type semiconductor layer 12 are 
recombined with holes supplied from the p-type semiconductor 

30 14 so that light is emitted from quantum dots. 

Since the quantum dots 132 are formed as above, it is 
possible to control the size and density of the quantum dots 
132 so that the characteristics of the LED can be controlled 
with ease. Also, the inventive LED has a high internal 

35 quantum efficiency compared with the conventional LED using 
quantum well layer so that light emitting efficiency can be 
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further • enhanced . 

FIG. 3 illustrates another embodiment of the present 
invention. 

Referring to PIG. 3, the LED of the present embodiment 
has the same in the process for forming the nano-'holes (see 
131 of FIG. 2) and the quantum dots (see 132 of FIG^ 2) as 
that of the previous embodiment. 

The fabrication method of the LED of the present 
eittoodiment is different with that of the LED of- the previous 
embodiment in that., after forming- the insulator layer li- ±n 
which the .plurality of. quantum dots .13?. are -formed, it 
further includes the steps of: forming a": barrier layer 15 on- 
the insulator layer 13; and forming another ■ insulator layer 
on the . barrier, layer 15. As a result, the ' insulators are 
formed int exposing the barrier layer 15 ' therebetween in a 
multi-layer structure. ' 

The barrier layer. 15 is of one selected from the group • 
consisting of GaN, GaAs and 6aP. Since the barrier layer 15- 
xs, first grown on the upper surfaces of the quantum dots 132 
and then grown in a . horizontal direction, the barrier of the 
quantum dots 132 is made with the reliability'. 

the uppermost layer shown in FIG. 3 indicates the p- 
type semiconductor layer 14 . m this .. embodiment , , three 
ansulator layers 13 each of which includes a .plurality of 
quantum dots 132 are included. 

• Thus, two or more insulator layers 13 each including 

the plurality of quantum dots .are formed so' that light 
emitting efficiency can be further enhanced. 

The spirit of the present invention is characterized in 
the construction of the quantum-dot led in which quantum dots 
are formed, and the fabrication method of the LED. 

Industrial Applicability 

AS described above, according to .the inventive quantum- 
dot LED, the size and density of the quantum dots are 
controllable so that it is easy to control the 
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characteristics . of the LED. 

Also, high quantum efficiency can be anticipated 
compared with the conventional LED using the quantum well so 
that high light emitting efficiency is obtained. 

Furthef, high .internal quantum efficiency causes the 
power consuimption to be lowered so that the reliability of 
the LED is -.improved. 

While the present invention has been^ described and 
illustrated herein with reference to .the preferred 
embodifrients thereof, it will be apparent to those skilled in 
the art that various modifications and variations' can be made 
therein without departing from the spirit ...and scope of the 
invention. Thus/ it is intended that the present invention 
covers the modifications and variations of this invention 
that come within the scope .of the appended .claims and their 
equivalents - 
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Claims 



1- A guantura-dot I.ED comprising: 
a substrate; ~ 

a n-type semiconductor layer formed on t'he substrate- 
. an insulator layer formed on the n-type semiconductor 

layer and provided, with a.plurality of holes/. 

quantum dots formed by filling the holes; and - 

a p-type semicondubtor layer formed on the insulator-. 

layer an which the quantum dots are formed. 

2. . A quantum- dot. -L^ comprising: 
a substrate;' 

a n-type semiconductor layer formed on the. substrate; 

a first insulator layer . formed on the n-type 
semiconductor layer and provided with a plurality of holes;. 

quantum dots -formed by filling the holes; . ' ' ■ • . 

a -barrier layer formed on the first insulator layer, ih 
which :the quantum dots are formed; 

a second insulator layer formed on the barrier layer 
and provided with holes and <3uantum dots like the first 
insulator layer; ' 

a p-type semiconductor layer formed on the second 
insulator layer. 

3. The quantum- dot LED according to claim 2, wherein 
the first and second insulator layers formed interposing the 
barrier layer. therebetween has a multi -layer structure. 

4 . The quantum-dot LED according to claim 2 or 3 • 
wherein the barrier layer is of one selected from the group 
consisting of GaN, GaAs and Gap. 

•5. The quantum-dot LED according to claim 1 or 2, 
wherein the holes are a nano-hole. 
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6. The quantum- dot LED according to claim 1 or 2, 
wherein the holes have a size range of 1 * nanometer to" 100 
nanometers . 

^ The quantum-dot LED according to claim 1 or 2, 

wherein the quantum dots are formed from .one selected from 
the group consisting of InGaN, InGaAs and InGaP. 

8. • The quantum-dot LED . according to claim l or 2, 
10 wherein the quantum, dots comprise an upper surface being in 
contact with the p-type semiconductor layer, and .a lower 
s\irface being in contact with the n-type semiconductor layer. 

9- The quantum-dot LED according to claim 1 or 2, 
15 wherein the size and/or density of the holes are/is 
determined by deposition time of the insulator layer. 

10. A method for fabricating a quantum-dot LED, the 
method coniprising the steps of: 

20 forming a n-type semiconductor layer on a substrate; 

depositing a first insulator layer having first holes 
on the n-type semiconductor layer; 

filling the first holes of the first insulator layer to 
form first quantum dots; and 
25 depositing a p-type semiconductor layer on the first 

insulator layer in which the quantum dots are formed. 

11. The method according to claim 10, further 
comprising the steps of: 

after the step of forming the quantum dots, forming 
a barrier layer on the insulator layer in v^hich the quantum 
dots are formed; 

(b) forming a second insulator layer having second 
holes on the barrier layer; and 
32 (c) filling the second hole of the second insulator 

layer to form second quantum dots, 
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wherein the steps (a) , (b) and (c) are repeated at- 
least once. 

12. The methcxi according to claim 10 or ii, wherein 
5 in the step of depositing the insulator layers, the size 
and/or density are/is determined by deposition time of the 
insulator layer. 
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